The finding of an SES gradient in BP, despite adjusting for treatment in some studies and the lack of consistent diseases such as coronary heart disease, hypertensive heart disease, stroke and end stage renal disease show SES differences in hypertension treatment rates, makes differential treatment an unlikely explanation for the SES an inverse association with socio-economic status (SES). gradient in BP. A substantial part of the SES gradient was accounted for by the SES gradient in body mass Objectives: To review the published literature in order to assess whether (i) there is an association between index. Alcohol consumption across SES groups accounted for part of the association in men though few SES and blood pressure (BP), and if so whether this is explained by (ii) SES differences in treatment rates, or studies examined this issue specifically. In contrast, in undeveloped or developing countries a direct associ-(iii) SES differences in established risk factors for hypertension, or (iv) psycho-social factors associated ation between SES and BP has often been found which may reflect a higher prevalence of obesity, and higher with SES. Method: A narrative systematic review of published artsalt and alcohol intakes among those of higher SES. The SES differences in BP were not detectable in most studicles identified from a MEDLINE search from 1966-1996 and manual searching of the retrieved articles' biblioies in children. There is little evidence that adverse psycho-social factors associated with low SES cause graphies. Results: Lower SES was associated with higher mean chronic elevations in BP. Conclusion: A major challenge in reducing the SES BPs in almost all studies in developed countries. This inverse gradient was both stronger and more consistgradient in BP is to understand and prevent the SES differences in obesity, which are particularly large in ently found in women than in men. The magnitude of the association varied but generally was quite small, women. Future research should be directed to this question. with age adjusted mean systolic BP differences of about 2-3 mm Hg between the highest and lowest SES groups.
Introduction
difference in BP between socio-economic groups Socio-economic status (SES) is inversely related to could have a substantial impact on cardiovascular mortality from coronary heart disease (CHD), hyperdisease mortality. It has been estimated that a 5 tensive heart disease, stroke and renal failure. 1 In mm Hg lower population mean diastolic BP predicts England and Wales for example, the standardised a 21% lower CHD rate and a 34% lower stroke rate. 5 mortality ratio for stroke (ICD 430-438) in men aged This paper reviews the evidence for the existence 20-64 was 62 in Social Class I compared with 179 of SES differences in BP. The objectives were to in Social Class V for the years [1979] [1980] [1981] [1982] [1983] (Table 1). assess whether: (i) there is an association between A similar social class pattern exists for stroke mor-SES and BP, and if so whether this is explained by tality in women. This increasing mortality with
(ii) SES differences in treatment rates, or (iii) SES decreasing SES has been observed using different differences in established risk factors for hypertenmeasures of SES in different countries.
2 Furthersion, or (iv) psycho-social factors associated with more, the decline in mortality from cardiovascular SES. diseases in recent decades has been greatest among higher SES groups. 3, 4 SES differences in blood pressure (BP) levels or the detection and treatment of 1979-1980 and 1982-1983 . A standardised mortality ratio of 100 represents the age adjusted risk for the population of England and Wales. education, socio-economic status, socio-economic
Results

grade, occupation, ethnic group, psycho-social and
We found 57 studies from developed countries social class. Manual searching of the bibliographies reporting on SES differences in BP ( Table 2) . Almost of retrieved references provided additional material.
all these studies are cross-sectional and in only four Studies were included in the review if they conwere trends over time in SES differences in BP tained data which quantified the relationship examined. 4, [7] [8] [9] A further 13 studies from undevelbetween any measure of SES and any measure of BP.
oped or developing countries are summarised in Few of the papers had this relationship as the main Table 3 . Ten studies in children were found (Table  focus and none was originally designed to investi-4). In most of the studies in Tables 2, 3 and 4 the gate it. Since these studies represented widely difanalysis of the association between SES and BP was fering populations and methods, a quantitative overnot a main focus. As age is an important confounder view of these studies was not considered of the association between SES and BP, the comappropriate.
mentary below concentrates on those studies in If an SES gradient in BP does exist it does not which age-adjusted data were reported. necessarily follow that the direction of this gradient will be the same in all cultures. For example, in some African countries mortality from cardiovascu-(i) Is there an association between SES and BP? lar disease shows the opposite SES gradient to that Adults in developed countries seen in developed countries, and it is reasonable to Table 2 summarises the results of studies from expect that the distribution of risk factors for cardiodeveloped countries. In 10 studies no adjustment for vascular disease may differ also. Therefore studies age was made but three of these were birth cohorts of populations in developing as well as developed so no adjustment for age was required. Of those countries were included. The effect of ethnicity on studies where age adjustment was made or not BP is not, however, a focus of this review, except required (n = 50) only eight reported no age-adjusted insofar as it may confound the SES-BP relationship.
association between SES and BP. The remainder SES is typically measured using education, reported an inverse association between some measincome and occupation. 6 Cardiovascular disease is ure of BP and some measure of SES in one or both inversely associated with SES regardless of which sexes. None of these studies reported a positive of these three measures is used.
1 Education has conassociation. siderable advantages as a measure of SES as it is reliably recalled and it is easily quantifiable in terms of number of years of education. Furthermore, since
North America: Almost all of the reported studies from the USA [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] and Canada 20, 21 have found higher adult disease cannot cause lower levels of education in earlier years, reverse causation does not confuse mean BPs or prevalence of hypertension with lower SES, regardless of the measure of SES used (Table  interpretation . However, the meaning of a given amount of education may differ between cultures 2). Some of the earliest reports of this association were from two occupational studies, the Chicago and between birth cohorts. Income is also often used as a proxy for SES but it can fall because of poor Heart Association Detection Project and Western Electric Study, in which an inverse association was health. However, it is a better measure than education of purchasing capacity of goods and health found in both men and women independent of age. 11, 12 Although a formal examination of the trend care. Many studies use occupational categories, reflecting power, income and education, as a measin the association over time has not been reported, the results from the National Health and Nutrition ure of social class. Limitations of this measure of SES include reverse causation effects and the diffiExamination Survey (NHANES) series are not consistent. In NHANES II significant inverse BP associculties of classifying new occupations, women and children.
ations with education were found for white men and odds ratio men and women Design: cross-sectional, general population-based surveys, unless otherwise stated; SES measure = social class, RGSC registrar general's social class. Education duration, education level; HT = hypertension defined as systolic BP у 160 or diastolic BP у 90 mm Hg or on antihypertensive medication, unless otherwise stated; nr = not reported; nil = no association; direct = higher SES associated with higher BP; inverse = higher SES associated with lower BP. ns = non-significant (usually at P Ͻ 0.05).
women and black women but there was no effect (HDFP) the effect of education on BP was much greater among black than white subjects. 29 among black men. 13 The greatest effect of education was in black women. This was in contrast to the earlier NHANES I in which an inverse association Australasia, Asia and S Africa: In Australia a review of three surveys between 1980-1989 showed with occupation was found only in men. 15 Only in a few studies was no association between SES and a more consistent education gradient in women than men, for both mean systolic BP and hypertension BP found: the Princeton School District, 23 Framingham 22 and People's Gas Studies 12 and an early prevalence. 8, 30, 31 No change in the gradient over time was reported. An inverse association between occupational study by Lee. 24 In studies carried out specifically in Africanhypertension and education was found in white South African men and women and an inverse Americans, an effect of education on BP was noted by Dressler 25 and in the Charleston Heart, 26 Three association with income was found only in women. 32 In Japan the prevalence of hypertension Area Stroke 27 and Pitt County 28 studies. In the Hypertension Detection and Follow-up Program was higher in executives than in manual workers, 33 whereas in China there was an inverse association inverse association in four (Table 3 ). In three of the six Indian studies a direct association was found between systolic BP and physical workload, but not education. 34 between various SES measures and either BP or hypertension. In one study an inverse association was found and in two, no association was found Europe-outside UK: Inverse associations of SES with BP and hypertension have been reported in (Table 3 ). In the Kenyan Luo Migration study there was a positive correlation between years of edusome parts of Sweden 35-37 but not others, 38 in Norway, 39 Paris, 40 the Netherlands 41,42 and in Ireland. 43 cation and systolic and diastolic BP adjusted for age, 58 and in a Nigerian occupational cohort a direct In Finland the association among men was not present in 1972 but has emerged recently 4, 44 and an association with hypertension prevalence was also found. 59 An inverse association has been found in inverse SES gradient in obesity in men emerged over the same period. In former West Germany inverse men and women in Senegal, 60 in urban Zulu women 61 and in Brazil. 111 In the Caribbean a direct SES-BP associations were found in women only, 45 whereas a later survey found an inverse association association was reported in men and an inverse association in women. 63 among both men and women in West and East Germany. 7 Sive et al 46 did not find any association The direct SES association in many of these studies is consistent with the hypothesis that, as econbetween systolic BP and education in Israel.
omic prosperity occurs, risk factors for hypertension, eg, salt intake and obesity, become more United Kingdom: The reports from UK studies show a less consistent association between SES and prevalent in those of higher SES. As development becomes more widespread risk factor gradients BP than those from other countries. A small inverse gradient in systolic BP with occupational status was invert. reported in male, but not female civil servants in the Whitehall II Study. 47 In the Medical Research CounChildren Of 10 studies in which data on children were either cil (MRC) National Survey of Health and Development, (a cohort born in 1946), parental social class the main focus or were included, five adjusted for some other risk factors. Overall, of the 10 studies of was inversely associated with systolic BP in men and women whereas education and own social class children summarised in Table 4 an inverse association was found in only four. [64] [65] [66] [67] In a study from was associated with systolic BP in men only, in keeping with the Whitehall findings. 48 Men who had the US relative weight-adjusted BP was inversely related to parental occupation in black but not white attained a higher social class than their parents had higher pressures than those who retained the social children. 64 In Nigeria, an unadjusted inverse association between parental SES and systolic BP was class of their parents. In the British Regional Heart Study, which included men only, an inverse associabolished on adjustment for age, height and weight each of which was associated with SES. 65 In the ation was also observed for systolic BP. 49, 50 In the 1986 Diet and Nutrition Survey of British adults, Know Your Body Program in New York, BP was higher in children living in relatively deprived social class was not independently related to systolic or diastolic BP on adjustment for other risk facareas, even after adjustment for ponderosity. 66 In the Minneapolis Children's Study, systolic BP was tors. 51 More recently in the Health Survey for England (1994) significant inverse social class gradiinversely associated with mother's occupation but not income or education. 67 In the other six studies ents in systolic BP and hypertension were found in women but not in men. 52 In the Brent study 53 sysin Table 4 no association was found. The lack of an association between SES and BP tolic BP was not significantly associated with social class in African-Caribbeans or Europeans. An in most studies of children might be explained by negative confounding by height. Height is a strong inverse association between BP and social class has also been found in English men in the Speedwell determinant of BP in children with taller stature being associated with higher pressures. 68 Conversely Study, but not Welsh men in the Caerphilly study. 54 In the Scottish Heart Health Study diastolic and sysshorter height is associated with lower SES. If anything, one would expect higher BPs in children of tolic BP were significantly higher in manual classes in women only, but showed an association with higher SES. The association between SES and height-adjusted BP would therefore be of interest, housing tenure in both sexes. 55, 56 but none of the studies in children reported this.
In summary, it appears that, among adults, there International: In an analysis across 47 centres in 27 countries from the INTERSALT study, an inverse is an SES differential in age-adjusted BP with an inverse association in developed countries. The association between education and systolic BP was found among men in 27 centres and among women magnitude of the difference varies but is generally quite small, with mean age-adjusted systolic BP difin 38.
57 ferences usually about 2-3 mm Hg between the highest and lowest SES groups. In some studies Studies in undeveloped and developing countries Thirteen studies reporting the association between larger differences have been noted. For example in black women in NHANES II there was a 10 mm Hg SES and BP in undeveloped and developing countries were found, half of which included adjustment difference in systolic BP between the most and least educated. The SES effect is more often found in for age or other variables. Overall a direct association between some measure of SES and BP was women and is greater in women in many studies. Of 41 reports from developed countries which included reported in either sex in six of these studies and an in women than men or an association in women only, six reported a stronger association in In a Swedish study adjustment for treatment rates increased the SES differential in systolic BP. 36 In men 15, 23, 47, 48, 70, 71 and the remainder either did not report sex-specific estimates or a difference between Paris treatment rates increased with occupational status but this did not account for the observed SES the sexes (Table 2) . In developing or undeveloped countries, a direct association is more often found. gradient in systolic BP. 40 In England, treatment rates do not differ by social class and in the Health Survey An SES gradient in BP is not apparent in most studies of children.
for England (1994) the SES gradient in BP among women persisted on adjustment for treatment rates. 52 In the INTERSALT study the negative associ-(ii) Is the association between SES and BP ation between education and systolic BP was apparexplained by SES differences in treatment rates? ent in women but not men, when those on antihypertensive treatment were excluded from the Differences in mean systolic or diastolic BP across SES groups could result simply from different rates analysis. Although not specifically reported, treatment rates are unlikely to explain the positive of diagnosis, treatment and control of hypertension. Unfortunately few of the above studies have association between SES and BP in undeveloped or developing countries as treatment rates are likely to explicitly considered this explanation. However, studies which have examined hypertension, rather increase with SES in these countries.
Overall the lack of a consistent SES gradient in than mean pressures, have generally defined it as raised systolic or diastolic BP or use of antihypertentreatment rates makes it an unlikely explanation for the observed SES differences in BP. sive medications thus the observed gradients in hypertension in these studies cannot be explained by treatment rate differences.
(iii) Are the observed SES differences in systolic The relationship between SES and BP treatment BP or hypertension accounted for by known risk rates was inconsistent across studies. In 1973 the factors? US-based Kaiser Permanante Insurance data showed that undetected hypertension in the less educated
In the studies from developed countries few factors, other than body mass index (BMI), were examined was twice that in the most educated. 72 In contrast national data from NHANES II in the early 1980s and in general the specific effect of adjusting for risk factors other than BMI has not been reported. It found that the least educated were most likely to have had their hypertension treated. 13 In the Minneshould be noted that if risk factors for hypertension show an inverse SES gradient they could arguably sota Heart Survey there were no significant differences in treatment rates across income groups. 9 In be regarded either as confounders of the SES-BP association or as mediators of that association the HDFP treatment rates among hypertensives at baseline were not reported but the excess mortality (Figure 1) . In either case the question of why such hypertension risk factors should display an SES Obesity: Most of the studies in which adjustment for some measure of body fat, usually BMI, was gradient is in itself important. We consider the evidence for the role of SES differences in BMI, alcohol made (n = 26) have adjusted for other variables simultaneously so that the specific effect of BMI on the consumption, sodium and potassium intake, physical activity, early life effects and height and con-SES difference in BP is difficult to quantify (Table  2) . However adjustment including BMI usually founding by ethnicity on the SES gradient in BP. attenuated any observed SES gradients in BP and in higher in women of higher SES. 31, 47, 52, 57 For example, in England women in Social Class I and II several studies adjustment for age and BMI alone abolished the gradient in men or women comhave the highest mean consumption and prevalence of drinking above 14 units per week. Among men pletely. 13, 29, 37, 41, 45 For example in the Health Survey for England (1994) the difference of 3 mm Hg in sysan inverse class gradient in consumption is sometimes 30,31 but not always 52, 80 found. Thus, whilst tolic BP between the highest and lowest social class in women was halved to 1.5 mm Hg on adjustment higher alcohol consumption in lower SES may explain the association in men, it is unlikely to for BMI and was no longer significant. The large SES differences in systolic BP among black and white explain the BP gradient in women. Of the studies in Table 2 , 10 adjusted for alcohol consumption along women in NHANES II were also halved on adjustment for BMI. 13 In the Health Survey for England with other variables. 19, 28, 30, 34, 39, 42, 46, 49, 51, 57 The specific effect of alcohol adjustment was reported separ-(1994), obesity is considerably more prevalent in women of lower social class, although this is not ately in just one of these studies. Adjusting for alcohol alone approximately halved the SES gradient in true of males. Some studies do show an inverse association between BMI and SES in men but it is BP observed among men in the Australian National Heart Foundation Survey. 30 In the British Regional usually much smaller than in women. 56 The different social class distribution of obesity in men and Heart Study adjustment for alcohol along with BMI explained about half the effect of SES on BP in men women is the most likely cause of the disparity in the strength of the association between SES and BP in. 49 However, a crude measure of alcohol consumption was used in the British Regional Heart Study in men and women. 73 In 17 of the 26 studies which adjusted for BMI in and the authors considered that residual confounding might have explained the remaining BP Table 2 some association between SES and BP does persist in either men or women after adjustment for differences with SES. In four other studies an inverse SES-BP association persisted after adjust-BMI alone or with other variables. [11] [12] [13] 15, 17, 18, 25, 27, 28, 30, 34, 36, 39, 42, 49, 57, 70 In general the remaining ment for alcohol and other variables. 28, 34, 39, 42 In INTERSALT adjusting for alcohol along with BMI, association between SES and BP is small and could simply be due to residual confounding as BMI is not smoking, sodium and potassium excretion halved the association between SES and BP in men so that a good measure of total body fat. Furthermore, BPs will appear spuriously high if too small a cuff has it was no longer statistically significant. 57 In the study of Israeli men 46 and the British Study of Diet been used in fatter people, which could give rise to an exaggerated SES differential. 74 and Nutrition 51 there was no association between SES and BP on adjustment for alcohol along with BMI adjustment was made in six of the studies in undeveloped or developing countries (Table 3) . In other variables. In summary, alcohol consumption probably explains part but not all of the SES-BP three of these studies, BMI increased with higher SES and there was a direct SES-BP association association in men in developed countries. It is not possible to assess from the studies which was reduced, but remained significant, on adjustment for BMI. 58, 59, 75 In two studies there was reviewed whether alcohol consumption accounts for the direct association between BP and SES found in a direct SES-BP association but the relationship of SES to BMI was not reported. 63, 76 In Senegal BMI developing countries. Only two studies in Table 3 adjusted for alcohol consumption. In Nigeria, where did not differ with SES and there was an inverse association between BP and SES. 60 An inverse SES-SES and BP were directly associated, alcohol consumption was higher in those with lower SES. 59 In BP association was reported in a rural Indian population in which BMI was positively associated with an Indian study a direct association between SES and BP was independent of alcohol consumption SES. 77 Overall, SES differences in BMI probably account for a substantial part, though not all, of the but the SES pattern in consumption was not reported.
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SES-BP association and may explain, at least in part, the different direction of the SES-BP gradient in developed countries compared with undeveloped or developing countries. Sodium and potassium intake: Higher dietary intakes of sodium and lower intakes of potassium A central distribution of body fat, as measured by waist : hip ratio, is associated with increased BP and or a higher ratio of sodium to potassium intake are associated with higher BPs. [81] [82] [83] Although salt is SES gradients in waist : hip ratio in men and women have been reported. 52, 78 However, adjustment for more commonly added at table in manual than nonmanual classes, 52 dietary surveys do not always find waist : hip ratio, along with other variables, was included only in the Pitt County Study 28 in which differences in sodium intake with SES. 51 By contrast intakes of fresh fruit and vegetables, an important the SES-BP association persisted on adjustment. The specific effect of waist : hip ratio was not source of potassium, are higher among higher socioeconomic groups 47, 51 so that the ratio of sodium to reported. No other studies have reported whether SES gradients in central obesity could account for potassium intake is higher in lower SES groups. In the INTERSALT study education was significantly the SES gradient in BP.
inversely associated with sodium excretion and positively associated with potassium excretion. 57 In Alcohol consumption: Higher levels of alcohol consumption are associated with increasing prevathe Pitt County Study after adjustment for age and energy intake, sodium intake did not vary markedly lence of hypertension and higher mean BP. 79 However alcohol consumption is usually found to be with socio-economic status, but sodium to potass-ium and sodium to calcium intake ratios decreased ment was not reported separately. None of the other studies has explored this possibility. with increasing SES. 84 A higher sodium/potassium ratio might therefore underlie SES differences in BP. Of the studies in Ethnicity: A further possible cause for SES differences in BP is the effect of confounding by ethnicity. 53 and these immigrant groups are disproportionately rep-SES difference, but estimates for the specific effect of electrolytes on the association were not given. In a resented among the lower socio-economic strata.
Where these groups represent a reasonable proKenyan study sodium/potassium excretion ratio was positively correlated with years of education and portion of a study population confounding of the SES-BP association by ethnicity may occur. fully explained the direct association between education and diastolic, but not systolic BP. 58 Although none of the above studies outside the US have adjusted for ethnicity the effect is likely to be small, and within the US most recent studies have Physical activity: Physical activity lowers BP independently of any effect on BMI.
85,86 Levels of physireported the association separately for different ethnic groups. cal activity in women and leisure time physical activity in men are higher in the non-manual than Some studies of black subjects in which the effect of SES on BP was greater than that of skin colour manual classes, 31, 47, 52 although, by definition, worktime physical activity is higher in manual than nonhave been used to suggest that BP differences between African-Americans and American white manual men. Thus SES differences in BP in women could result from SES differences in physical subjects are entirely due to SES. 94 From the studies we have examined, the effect of SES on BP is not of activity and this variation in the SES distribution of physical activity between the sexes might explain sufficient magnitude to account for the much larger black-white difference in BP. the sex difference in the BP gradient with SES. Only the Paris 40 and Pitt County 28 studies adjusted for In the debate about the relative importance of genes versus environment on hypertension rates in inverse associations between SES and physical activity but the specific effect was not reported.
African-Americans, several studies are cited as providing evidence of an interaction between the effect of SES and being black on BP. 27, 29, 95 In the Three Height: A further possible link between SES and BP is that of height. Shorter stature is associated Area Stroke Study skin colour was associated with BP only among low SES blacks. 27 In HDFP the effect with both lower SES and higher BP levels. 47, 54 In the Speedwell study SES was inversely associated with of education on BP was much higher among blacks than whites. 29 In the Detroit study black-white difheight but not BMI and height accounted for about 30% of the SES difference in BP. 54 None of the other ferences in BP were lowest in low stress areas. 95 These findings are consistent with an interaction studies in Table 2 examined this effect. between an environmental factor associated with low SES and a susceptibility gene that has a higher Early life effects: Lower birthweight is associated with higher adult BP 48, 87, 88 and in some studies with prevalence in persons with darker skin colour. 27 However, in the Three Area Stroke study as skin colhigher BPs during childhood. 87, [89] [90] [91] This has led to the hypothesis that some adverse component of the our was highly correlated with SES it could be that not enough variation in skin colour was present in intrauterine environment may programme individuals to increased susceptibility to hypertension in the higher SES groups to detect an association with BP. Furthermore the interaction in the Detroit and later life. A difference in birthweight of 1 kg in the Swedish cohort 88 was associated with a difference HDFP studies could simply result from education or living in a low stress (wealthier) area being correof 2.2 mm Hg in adult systolic BP. There was evidence that birthweight interacted with adult obesity lated with skin colour and in turn with degree of ethnic admixture. Therefore whether there is any and higher attained height to give a greater effect on BP.
actual interaction between SES and ethnicity on BP remains unconfirmed. Although lower birthweight is associated with lower SES, most studies do not find an association between SES and BP measured in children (Table 4) (iv) Is there evidence for an effect of SES on BP and the association between birthweight and BP is involving psychosocial factors? independent of social class even during childhood. 91, 92 Nonetheless, as individuals tend to Psychophysiological studies have demonstrated associations between acute psychosocial stressors remain in the same or similar socio-economic strata as their parents, 93 it may be that some of the SES and acute elevations of BP. There is a large literature (not reviewed here) on the relation between specific difference in BP which emerges during adulthood has its origin in differences in birthweight. In the psychosocial factors-such as social support, hostility, work characteristics-and BP. For example, MRC National Survey for Health and Development, 48 the associations of education, parental and control at work (job decision latitude) has been found in a meta-analysis to be associated with sysown social class with systolic BP were nonsignificant after adjustment for birthweight and tolic BP. 96 Given that low SES is associated with an adverse psychosocial profile 47 it could be hypothother variables but the effect of birthweight adjust-esised that the SES gradient in BP is mediated by ation to the study of the relationship between 'stress' and cardiovascular disease. The lack of a strong psychosocial factors. Unfortunately only one of the studies we reviewed 25 examined the effect of adjustassociation between SES and BP adjusted for age and BMI does suggest that the association between ment for psychosocial profile on the SES gradient in BP. In this study of African-Americans, education SES and cardiovascular disease is not mediated primarily through a hypertension inducing pathway was more strongly associated with hypertension when adjusted for lifestyle. It was concluded that other than increased BMI, unless some counterregulatory mechanism preventing a rise in BP is lifestyle incongruity, ie, a lifestyle exceeding one's education gave rise to higher BPs.
activated. The physiologic response to stressors is thought to involve the hypothalamo-pituitary-adrenocortical
Conclusion
and sympatho-adreno-medullary pathways and Publication bias notwithstanding, lower SES is assotherefore whether there are SES differences in the ciated with higher BPs in most studies from activation of such pathways is of interest.
developed countries. This inverse gradient is both The evidence for increased BP resulting from the stronger and found more consistently in women psychosocial stress of low SES via stimulation of the than in men. The differences between SES groups hypothalamo-pituitary-adreno-cortical pathway is are small, the age-adjusted difference between the tenuous as essential hypertension in humans is not highest and lowest SES group being about 2-3 associated with increased circulating cortisol or mm Hg for systolic BP in most studies. However, increased cortisol secretion. Recently, however, it this small difference in BP is important at the popuhas been shown that increased tissue sensitivity to lation level. In contrast, among adults in undevelcortisol may play a role in hypertension 97 through oped and developing countries a direct association increased receptor affinity or impaired inactivation between SES and BP has often been observed. of cortisol by 11-beta hydroxysteroid dehydrogenIn developed countries a substantial part of the ase. 98 The question is whether SES-associated stress SES gradient in men and women is accounted for can induce cortisol sensitivity in some way, but as by the SES gradient in BMI. Alcohol consumption yet there is no evidence of any SES gradient in corpattern across SES groups also appears to account tisol sensitivity.
for part of the association in men though few studies Sympathetic overactivity can lead to hypertenhave reported its specific effect. SES differences in sion. 99 Ordinarily, if dietary sodium increases there BP are not detectable in most studies of children. is receptor mediated negative feedback inhibition of This may be because height, which is inversely sympathetic outflow to the heart and kidneys. It has related to SES, has an overwhelming influence on been postulated that this negative feedback is over-BP in childhood. ridden by stress thus leading to sodium retention. 100 There is little evidence to suggest that SES itself In rat models of hypertension, stress is associated increases BP other than through conventional risk with increased renal efferent sympathetic nerve factors for hypertension. However, stronger relationactivity and antinaturesis as well as hypertenships may exist between BP and more specific sion. 101, 102 Support for this hypothesis in humans stressful aspects of low SES such as unemployment comes from the Kenyan Luo Migration Study where or job insecurity. BP, body weight, dietary sodium intake and pulse Clearly, in order to reduce SES variations in BP rate rose within a few weeks of rural to urban the major challenge is to identify the causes of and migration in black Kenyans. This was consistent strategies for prevention of the higher BMI and obeswith retention of sodium and water causing an ity rates associated with lower SES, particularly in increase in body weight and a volume-dependent BP women. There is little need for further reports increase. 100, 103 Furthermore, both stress 104 and pulse depicting SES differences in BP without exploration rate 105 have been shown to interact with sodium of the specific effects of other potential mediating intake to affect BP in human studies. SES gradients factors. Further research into SES inequalities in BP in pulse rate have been reported in some 11 but not should also examine the effect of change in SES all studies 93 and in the Chicago studies the SES-BP through life on BP and should examine incident gradient was independent of heart rate. 11, 12 However hypertension which is not confounded by health it is not known whether there are SES differences care access. in more valid measures of sympathetic overactivity Meanwhile as long as SES differentials in BP conwhich could be invoked to explain SES differences tinue to exist, the HDFP study 29 has demonstrated in BP.
that intensive management of hypertension can In summary, at present little can be said about the abolish the SES differences in hypertension associarole of psychosocial factors in the SES gradient in ted mortality. BP. However the small SES differences in BP on adjustment for age and BMI in these studies suggests that any direct effect of SES on BP must be slight.
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